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NATIONAL ADVISORY COMMITTEE FOR AEBONAUTICS 
RESEARCH MEMORANDUM 
f o r  the 
i Bureau of Aeronautics, Department of the Navy 1 
PJ? INVESTIGATION OF THE EYDRODYNAMIC CHARACTERISTICS 
OF A ~ / ~ O - S I Z E  POWERED DYNAMIC MODEL OF THE 
MARTIN M-267 PATROLTYPE SEAPLANE WITH 
TWO FOREE5ODY CONFIGURATIONS 
TED NO. NACA DE 376 
By Elmo J. Mottard and Claude W. Coffee, Jr. 
SUMMARY 
* 
&I invest igat ion wsts nade of the hydrodynamic charac ter i s t ics  of a 
I 
- l / l0-size powered dynamic model of a patrol-type seaplane designed by 
the Glenn L. Martin Company. The seaplane had a high-aspect-ratio wing 
and a T- ta i l  with an all-movable s t ab i l i ze r .  The h u l l  combined high 
length-beam r a t i o ,  small cross section, a "low chine" bow, a warped- 
dead-rise forebody, a f a i r ed  60' V-step, and a long warped-dead-rise 
afterbody. A comparison w a s  made between two forebody configurations, 
one having a sharp forebody keel i n  cross sect ion and the other  having 
the forebody cross sect ion rounded i n  the v ic in i ty  of the keel. 
Stable take-offs were possible with both configurations i n  smooth 
water f o r  the aerodynamically p rac t i ca l  range of posit ions of the  center 
of gravity.  The landing s t a b i l i t y  i n  smooth water was sa t i s fac tory  f o r  
both configurations. The f l aps  and propellers were c l ea r  of spray 
during the smooth-water invest igat ion except over a shor t  speed range. 
The T-tail was generally c lear  of spray. The rough-water landing 
behavior appeased t o  improve with increasing landing t r i m .  The d i f f e r -  
ences i n  the rough-water landing charac ter i s t ics  of the  two configura- 
t ions  were s m a l l .  
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The Glenn L. Martin Company M-267 i s  a long-range, propeller-driven, 
patrol-  type seaplane having a high- aspect- r a t i o  wing and an all-movable 
T-tai l .  The hull. combines f o r  the f i r s t  time several  hydrodynamic fea- 
tures  of in i e re s t  including a high-length-beam r a t i o  h u l l  of small cross 
section, a lov-chine'' box, a warped-dead-rise forebody, a 60' V-faired 
step, and a long wax-ped-dead-rise afterbody extending t o  the taL1. 
These feztures  have been shcwn separately t o  have ce r t a in  hydrodynamic 
advantages . 
In order t o  determine the overa l l  hydrodynamic charac ter i s t ics  of 
the design, t,he Bureau of Aeronautics, Department of the  Navy, requested 
t h a t  a tank invest igat ion be made. A l / l0-scale  powered d;ynamic model 
was designed and b u i l t  by the David Taylor w d e l  Basin and was t e s t ed  
i n  Langley tank no. 1. 
The model included two forebody configurations proposed by the 
Martin Company. The f i r s t  had conventional V-cross sections with chine 
f l a r e .  The second had the same cross sections except t h a t  they were 
rounded off  a t  the keel. The rounded sections approximated those pro- 
posed i n  the past ( r e f s .  1 and 2)  f o r  obtaining constant force during 
landing impacts and, consequently, lower peak impact loads. 
The hydrodynamic qua l i t i e s  of the model determin.ed i n  the invest i -  
gation included the trix and center-of-gravity U-mits of st a b i l i t y ,  
landing s t a b i l i t y ,  spray cherncter is t ics ,  and motlons and accelerations 
during landings i n  various s i zes  of waves. These qua l i t i e s  were obtained 
f o r  both forebody configurations t o  study unknown e f fec t s  of the rounded 
kee l  other than the  possible reduction of peak water loads predicted by 
water impact theory. 
SYMBOLS 
.> 
- 
c mean aerodynamic chord, f t  
L 
aerodynamic l i f t  coeff ic ient ,  - 
1 2  
-;pV s 
L 
g acceleration due t o  gravity,  32.2 f t / sec2  
L aerodynamic l i f t ,  l b  
nv v e r t i c a l  acceleration, g u n i t s  
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1 
S wing area, s q  f t  
-d 
V horizontal  velocity,  f t / s ec  
vs v e r t i c a l  veloci ty  (sinking speed), f t / s ec  
a angular acceleration, radians/sec2 
7 f l ight-path angle, deg 
6f f l a p  deflection, deg 
6s s t a b i l i z e r  deflection, deg 
41 gross load, l b  
P density of a i r ,  slugs/cu f t  
T t r i m  (angle between the horizontal  and sharp keel a t  the  
s t ep ) ,  deg 
T~ landing t r i m ,  deg Q 
DESCRIPTION OF MODEL 
, .  .
Photographs and the general arrangeaent drawings of the model aye 
shown i n  f igures  1 and 2, respectiveb-.  Pertinent charac ter i s t ics  a d  
dimensions of the model and the fu l l - s i ze  seaplane are  given i n  tab le  I. 
The h u l l  l i nes  are  shown i n  f igures  3 and 4. The bas ic  forebody con- 
f igurat ion had a sharp forebody keel i n  cross sect ion and a dead. r i s e  
a t  the s tep  of 22O which increased progressively toward the bow, The 
modified configuration was obtained by rounding the sharp keel  i n  cross 
sect ion f o r  a distance forward of the s tep  of approximately 6 beams. 
The round-bottom sections a re  tangent t o  the o r ig ina l  bottom at  a point 
approximately 10 percent of the beam from the h u l l  center l i n e  ( f ig .  4) .  
Rounding of the forebody keel resul ted i n  a s l i g h t  decrease i n  forebody 
-! 0 
I 
volume and approximately - higher forebody keel  angle a t  the  s tep.  
2 
The t r i m  angle f o r  the two configurations was taken a s  the angle 
between the horizontal  and a l i n e  p a r a l l e l  t o  the sharp keel  of the  
basic  configuration. 
The h u l l  was constructed of balsa  and covered with a p las t ic -  
6 f iberg lass  laminate. A par t ing l i n e  was provided above the  chine an 
the forebody t o  allow the i n s t a l l a t i o n  of e i t h e r  forebody bottom. 
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b 
Interchangeable fa i r ing blocks were provided behind the step i n  order 
t o  maintain the same step depth (0.025-inch, model s ize)  with ei ther  
f orebody configuration . 1 
Conventional balsa and t issue construction was used on the wing 
and t a i l  surfaces. Leading-edge s l a t s  were attached t o  the wing i n  
order t o  delay the s t a l l  t o  an angle of attack more nearly equal t o  
tha t  of the ful l-size seaplane. The flaps were of the single-slot 
type extending over 80 percent of the wing span. The s tabi l izer  on 
the T-tail  was controllable and wzs linked with the elevator i n  such 
a manner that  the elevator deflection was twice the s tabi l izes  deflection. 
1 The dynamic.model was powered by two 1--horsepower three-phase 2 
alternating-current induction motors. Each motor turned a three-blade 
metal propeller. 
Tfie moments of i ne r t i a  of the ballasted model were as follows: 
Center-of -gravity Moment of 
position, iner t ia ,  
- percent c s lug-f t 2  
12 6 09 
24 6.9 
3Q 7.5 
. 
These values are comparable t o  those of s imilm seaplane models. T?ne 1 
full-size moments of i ne r t i a  were not available. 
APPARATUS 
A description of Langley tank no. 1 and the towing carriage i s  
given i n  reference 3. The setup of the model on the towing gem i s  
shown i n  figure 5. The model was free t o  move vert ical ly and was free 
t o  trim about a pivot located a t  the center of gravity but was restrained 
i n  ro l l ,  yaw, and l a t e r a l  movement. During landings i n  smooth and rough 
water the model had approximately 5 fee t  of fore-and-aft freedom with 
respect t o  the towing carriage. 
Slide-wire pickups were used t o  measure t r i m ,  r i s e  of the center 
of gravity, and fore-and-aft position of the model. Aerodynamic l i f t  
was measured with a spring dynamometer. The model t r i m  dwing landings 
was restrained by an elect r ica l ly  operated t r i m  brake attached t o  the 1 
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towing s taff .  The brake was automatically released when the model con- 
-d tacted the water. 
A strain-gage-type accelerometer mounted on the towing s taff  was 
used t o  measure ver t ica l  acceleration. In the s t a t i c  condition the 
accelerometer read zero. Two strain-gage-type accelerometers, mounted 
7 inches apart and connected i n  such a manner that  they measured the 
angular accelerations directly, were located within the model with the i r  
centers of gravity i n  l ine  with the  model center of gravity. The char- 
ac ter is t ics  of the accelerometers and galvanometers used for  recording 
the accelerations were as follows : 
Natural frequency of accelerometers, cps 
Natural frequency of recording 
galvanometers , cps 
Damping of accelerometers, percent of 
Damping of recording galvanometers, 
Waves were generated by the Langley tank no. 1 wavemaker which 
consists of an osci l lat ing plate hinged a t  the bottom of the tank and. 
driven by an e lec t r i c  motor. The desired height and length of wave 
were obtained by a suitable combination of amplitude and frequency of 
the plate. 
A l l  model quantities have been converted t o  f u l l  s ize except where 
otllerwise noted. 
Effective thrust  .- The effective thrust  of the model (defined as the 
t o t a l  aerodynamic drag, power off, plus the resultant horizontal force 
with power on) was determined a t  3 O  t r i m ,  30' f lap  deflection, 0' s ta-  
b i l i ze r  deflection, and with the step of the model approximately 9 inches 
(model s ize)  above the water surface. The model thrust  was matched t o  
the ful l-size thrust  a t  a speed of 59 knots. 
T r i m  and aerodynamic lift .-  A t  high speeds the t r i m  an8 aerodynamic 
lift, with and without power, fo r  various f lap and s tabi l izer  deflections 
& and positions of the center of gravity were measured with the model free 
t o  pivot about the center of gravity and supported i n  the position used 
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for  the determination of the effect ive thrus t .  A t  low speeds the model 
w a s  aerodynamically unstable, so the aerodynamic l i f t  was determined 
with the t r i m  fixed. 
T r i m  limits of s t ab i l i ty . -  The t r i m  J-imits of s t a b i l i t y  were deter- 
mined with and without power during constant speed runs. A t  each speed, 
the t r i m  of the h u l l  was changed by adjusting the s t a b i l i z e r  posi t ion 
u n t i l  porpoising was noted or  u n t i l  the maximum or minimum s t a b i l i z e r  
deflection was obtained. The t r i m  at which porpoising was f i r s t  
observed w a s  taken as the l imi t  of s t a b i l i t y .  
Center-of-gravity limits of s tab i l i ty . -  The center-of-gravity limits 
of s t a b i l i t y  f o r  various s t a b i l i z e r  deflections,  30' f l a p  deflection, 
and two gross loads were determined during accelerated runs t o  take-bff 
speed with f u l l  power. A constant r a t e  of acceleration of 4 f e e t  per 
second per second was used f o r  the 70,000-pound load and 3 f e e t  per 
second per second f o r  the 85,000-pound load. The accelerated runs were 
made a t  several  center-of-gravity locations. As a safe ty  precaution, 
a t r i m  stop was provided which prevented the model from trimming lower 
than lo. 
Landings i n  smooth water and waves.- The landing behavior i n  smooth 
water and waves was determined by f ly ing  the model at6 the  desired landing 
t r i m  and by decelerating the carriage a t  a uniform r a t e  so tha t  the  model 
was allowed t o  glide onto the water i n  simulation of an ac tua l  landing. 
The model was held a t  the desired landing t r i m  by the t r i m  brake which 
was released e l e c t r i c a l l y  upon contact with the water. This procedure 
eliminated the  tendency f o r  -the t r im t o  decrease as  the  model approached 
the water surface. The landings were made without power and the s ta-  
b i l i z e r s  were s e t  so tha t  the aerodynamic pitching moment about the 
center of gravity would be approximately zero a t  the ins tant  of f i r s t  
contact. The landings were made with the model f r ee  t o  move forward and 
rearward and the deceleration of the  towing carriage was adjusted so 
t h a t  the model had longitudinal freedom within the limits of the stops 
on the  fore-and-aft gear. All  landings were made with the f laps  
deflected 30". A t  the design gross load of 70,000 pounds, smooth-water 
landings with the round-keel configuration were made at  various center- 
of-gravity positions (from 0.12E t o  0.36E). A t  the overload (85,000 pounds) 
condition, landings were made a t  one center-of-gravity position (0.24F). 
The sharp-keel configuration was landed a t  one center-of-gravity position 
( 0 . 2 4 ~ )  f o r  both gross loads. All  landings i n  waves were made a t  a gross 
load of 70,000 pounds with the center of gravity a t  0.24F. 
Spray characteristics.-  Smooth-water spray charac ter i s t ics  of 
various gross loads, with f u l l  power, were determined during slow 
accelerated runs (approximately 114 f t I sec2)  up t o  43 knots. Photo- 
graphs and v i sua l  observations were made of the bow spray i n  the pro- 
pe l le rs  and s t r ik ing  the f laps.  Measurements of the  d r a f t  of the  point 
of the s tep  and t r i m  were made during these runs. 
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RESULTS AND DISCUSSION 
-b 
/ 
Aerodynamics 
The effect ive th rus t  i s  p lo t ted  against speed i n  f igure 6. 
The free-to-trim aerodynamic l i f t  coeff ic ients  f o r  the power-off 
condition are  p lo t ted  against  t r i m  i n  f igure  7 f o r  two f l a p  deflections.  
The l i f t  coeff ic ients  obtained during power-off t e s t s  were greater  f o r  
the  30' f l a p  deflect ion than f o r  the 45O f l a p  deflection, and a l l  sub- 
sequent t e s t s ,  therefore,  were made with the 30' f l a p  deflection. The 
power-on aerodynamic l i f t  and s t a b i l i z e r  def lect ion are  p lo t ted  against 
t r i m  f o r  two center-of-gravity posit ions ( 0 . 1 2 ~  and 0 . 2 4 ~ )  i n  f igure 8. 
The da ta  a t  speeds l e s s  than 56.1 knots wei-e obtained with the model 
f ixed i n  t r i m ,  and a t  speeds of 56.1 knots and greater  the model was 
f r ee  t o  t r i m .  
Hydrodynamics 
Trim l imi t s  'of s tab i l i ty . -  The trim l imi t s  of s t a b i l i t y  are  pre- 
sented i n  f igures  9 and 10 fo r  the two configurations. In general, t he  
behavior of the two configurations d id  not d i f f e r  appreciably. A t  high 
trims, water tended t o  s t i c k  and flow along the  afterbody, and the  upper 
t r i m  l i m i t  (decreasing t r im) was hard t o  define because a large change 
of t r i m  occurred when the afterbody flow was broken. A t  the heavier 
load the l imi t s  occurred a t  higher t r i m s ,  and no upper l i m i t  was obtained. 
' . <  
- The t r i m  limits f o r  the round-keel configuration occurred a t  lower trims 
than those obtained with the sharp-keel configuration. - 
Center-of-gravity limits of s t a b i l i t y .  - Representative t r i m  t racks 
f o r  the  two configurations are  given i n  f igures  11 and 12 f o r  various 
s t a b i l i z e r  deflections.  A few of the t r i m  tracks are  apparently 
influenced by the  t r i m  s top which limits the t r i m  t o  lo. I n  general, 
the round-keel configuration tended t o  t r i m  lower than the sharp-keel 
configuration throughout the take-off range. Although the t r i m  tracks 
at  the higher s t a b i l i z e r  deflections intersected the upper t r i m  limit, 
the upper-limit porpoising generally did not exceed an amplitude of 2'. 
Both configurations tended t o  t r i m  up rapidly before take-off when flow 
attached t o  the afterbody. 
The maximum amplitudes of porpoising t h a t  occurred during take-off 
were determined from the t r i m  t racks and plot ted against center-of- 
gravi ty posi t ion i n  f igure 13. The maximum amplitude is  defined as 
the  difference between the m a x i m  and minimum trims during the greatest  
porpoising cycle t h a t  occurred during the take-off. By assuming a 
maximum allowable amplitude of porpoising of 2' f o r  sa t i s fac tory  take-off 
CONFIDENTIAL 
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character is t ics ,  the center-of-gravity l imi ts  shown i n  f igure 14 were 
obtained. These center-of-gravity l imi ts  are presented as  a p lo t  of 
s t ab i l i ze r  deflection against center-of-gravity position. Because it 
w a s  assumed tha t  the e f fec t  of the keel modification on the center-of- 
gravity l imi ts  would be negligible, it was considered suf f ic ient  t o  
obtain these r e su l t s  fo r  only one of the configurations. Consequently, 
complete center-of-gravity l imi t s  were obtained only f o r  the  round-keel 
configuration. Center-of-gravity limits f o r  the sharp-keel configura- 
Lion, obtained only fo r  the more p rac t i ca l  positions of the center of 
gravity, showed good agreement with the r e su l t s  f o r  the round-keel con- 
figuration. Withir! the range of positions of the center of gravity 
from 0.125 t o  0.36E, s tab le  take-offs were possible f o r  the two gross 
loads. A forward center-of-gravity 1-imit was imposed by lower-limit 
porpoising but no rearward l i m i t  was encountered. The e f fec t  of 
increased load was t o  move the forward center-of-gravity l imi t  forward. 
Smooth-water landings. - Sinking speed, f l ight-path angle, maxiram 
v e r t i c a l  acceleration, and m a x i m  angular acceleration are plot ted 
against landing t r i m  i n  f igure 15 fo r  both configurations a t  the two 
gross loads and the various positions of the center of gravity. No 
landing i n s t a b i l i t y  was encountered, and the  landings of both configura- 
t ions were considered sat isfactory.  There appeared t o  be l i t t l e  d i f f e r -  
ence i n  the landing behavior of the two configurations. 
S p a y  characteristics.-  The range of speed and gross load over which 
spray enterefi the propellers and s truck the f laps  is  shcwn i n  f igures 16 
and 17. The corresponding trims and d ra f t  are plot ted against speed i n  
figures 18 and 19. Typical spray photographs are presented i n  figure 20 
f o r  the design gross load and the overload condition f o r  both 
configurations; 
Although spray entered the  propellers f o r  both configurations, this 
spray did not seem t o  impose any par t icu lar  problem. The heavy bow 
b l i s t e r  was c lear  of the propellers except fo r  a very short  speed range. 
Spray on the f laps was not considered excessive, and the horizontal t a i l  
was generally clear .  The round-keel configuration was the be t t e r  of 
the two with regard t o  propeller spray because spray was i n  the propellers 
over a smaller speed range, and also with regard t o  f l ap  spray, which 
was l e s s  severe f o r  the round-keel configuration. 
Rough-water landings.- Tr im,  horizontal, and v e r t i c a l  speeds, f l igh t -  
path angle, and v e r t i c a l  and angular accelerations fo r  the i n i t i a l  
impact and the impact which resulted i n  the maximum acceleration during 
landing of the round-keel configuration at three landing trims i n  waves 
4 f e e t  high and 230 f e e t  long are given i n  table  11. Similar data  at 
a t r i m  of approximately 11° f o r  wave lengths from 160 t o  380 f e e t  are  
presented i n  tab les  I11 t o  V I  fo r  the  two configurations and wave 
heights of 6 and 8 fee t .  
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t The e f f e c t  of landing t r i m  on the rough-water behavior of the  round- 
keel configuration is presented i n  f igure 21. The rough-water landing 
charac ter i s t ics  during the i n i t i a l  impact ( f ig .  21(a))  did not appear 
t o  be influenced s igni f icant ly  by landing t r i m .  The influence of landing 
t r i m  a t  the impact for  maximum v e r t i c a l  acceleration i s  shown i n  
figure 21(b). A t  a landing t r i m  of 4' t k ?  m i n i m  t r i m  was very low 
(negative) and the r i s e  motions were very large.  Tlie condition of the 
model appeared t o  be so precarious tha t  t e s t ing  a t  4' was discontinued 
without completing the schedule. A t  the 8' landing t r i m ,  t h i s  s i tua t ion  
was improved. The accelerations, however, were somewhat larger  than 
a t  4:. A t  12O, the behavior was i n  a l l  respects b e t t e r  than tha t  a t  4-0 
or 8 . I n  general, the landing behavior improved with increasing landing 
t r i m .  Subsequent landing t e s t s  were therefore made a t  high t r i m s .  
The e f fec t  of wave-length-height r a t i o  on rough-water landings i s  
given i n  f igures  22 and 23 fo r  the two configurations, I n  general, the 
landing behavior beczme worse with decreasing length-height raDio. The 
usual peak beyond which a fur ther  decrease i n  length-height r a t i o  would 
r e su l t  i n  an improvement is  not c leasly defined by the data  because 
waves with suf f ic ien t ly  small length-height r a t i o s  (below 24) could not 
be obtained. The round-keel configuration was s l igh t ly  superior t o  the 
sharp-keel configuration with regard t o  minirmun t r i m ,  especial ly  a t  
small length-height r a t i o s  but was s l i g h t l y  in fe r io r  with regard t o  
maximum v e r t i c a l  acceleration. In general, the  differences between 
. the r e su l t s  f o r  the two configurations were small. 
J CONCUJSIONS 
The r e s u l t s  of an investigation of the hydrodynamic charac ter i s t ics  
of a 1110-size powered dynamic model of the Martin M-267 patrol-type 
seaplane with two forebody configurations indicated the following 
conclusions : 
1. Stable take-offs were possible with both configurations i n  smooth 
water f o r  the aerodynamically p rac t i ca l  range of posit ions of the center 
of gravity.  
2. Landing s t a b i l i t y  i n  smooth water was sa t i s fac tory  f o r  both 
configurations. 
3 .  The propellers and the f l aps  were c l ea r  of spray i n  smooth 
water f o r  both configurations except over a very short  speed range. 
The T- ta i l  was generally c lear  of spray. 
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4. The rough-water landing behavior appeared t o  improve with 
increasing landing t r i m .  I n  general, the differences i n  the rough- 
water landing charac ter i s t ics  of the  two configurations were small. 
Langley Aeronautical Laboratory, 
National Advisory Committee f o r  Aeronautics, 
Langley Field,  Va., J u l y  14, 1954. 
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C/ John B. Parkinson 
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TABLE I.- PERTINENT CHAFUiCTWISTICS AND DINENSIONS OF THE 
MODEL AM, THE FU&SIZE SEAPLANE 
General: 
Design gross load. l b  . . . . . . . . . . . . . . . .  
Overloadcondition. l b  . . . . . . . . . . . . . . .  
L Wing area. s q  f t  . . . . . . . . . . . . . . . . . .  
Overall length. f t  . . . . . . . . . . . . . . . . .  
liull: 
. . . . . . .  Overall length from auxiliaxy chine. f t  
. . . . . .  Forebody length from auxil iary chine. f t  
Afterbody length. f t  . . . . . . . . . . . . . . . .  
Beam a t  chine a t  step. f t  . . . . . . . . . . . . . .  
Overall length-beam r a t i o  . . . . . . . . . . . . . .  
Forebody length-beam r a t i o  . . . . . . . . . . . . .  
Afterbody length-beam r a t i o  . . . . . . . . . . . . . .  
Step: 
Type . . . . . . . . . . . . . . . . . . . . . . .  
Depth a t  keel. i n  . . . . . . . . . . . . . . . . .  
Forebody dead r i s e  a t  s tep (V cross section). deg . . 
Angle between forebody and afterbody keel l i nes  
V-cross section. deg . . . . . . . . . . . . . . .  
Roundedcross section. deg . . . . . . . . . . . .  
Wing: 
Area. s q  f t  . . . . . . . . . . . . . . . . . . . . .  
Span. f t  . . . . . . . . . . . . . . . . . . . . . .  
J Rootchord. f t  . . . . . . . . . . . . . . . . . . .  
Tip chord. f t  . . . . . . . . . . . . . . . . . . . .  
Mean aerodynamic chord. f t  . . . . . . . . . . . . .  
Aspect r a t i o  . . . . . . . . . . . . . . . . . . . .  
Taper ra t io  . . . . . . . . . . . . . . . . . . . . .  
Angle of incidence t o  sharp fqrebody keel 
Root. deg . . . . . . . . . . . . . . . . . . . . .  
Tip. deg . . . . . . . . . . . . . . . . . . . . .  
Flap deflection maximum. deg . . . . . . . . . . . .  
Model 
s i ze  
F u l l  
s i ze  
Horizontal t a i l :  
Area. s q  f t  . . . . . . . . . . . . . . . . . . . . .  2.4 240.0 
Span. f t  . . . . . . . . . . . . . . . . . . . . . .  3.41 34.1 
Aspect r a t i o  . . . . . . . . . . . . . . . . . . . .  4.85 4.85 
Stabi l izer  deflection. deg . . . . . . . . . . . . .  f12.0 f12.0 
Elevator deflection. deg . . . . . . . . . . . . . .  f24.0 i24.0 
Elevator-stabilizer deflect ion r a t i o  . . . . . . . .  2: 1 2:l 
Vertical t a i l :  
Area. sq  f t  . . . . . . . . . . . . . . . . . . . . .  1.67 167 . o 
Span. f t  . . . . . . . . . . . . . . . . . . . . . .  1.38 13.8 
Aspect r a t i o  . . . . . . . . . . . . . . . . . . . .  1.15 1.15 
tk 
'specific weight of Langley tank no . 1 water i n  these t e s t s  was 63.4 lb/cu f t .  
as compared t o  64.0 lb/cu f t  f o r  sea water . 
t-' 
IU 
TABLE 11.- DmA OBT- IMIl3'G LAMDINGS IX WAVES OF 4 FEET NOMINAL HEIGIIT FOR THE ROUND-I(EEL CONFIGURATION 
[AU values are model s i z q  
In i t i a l  impact Impact for maximum vertical  ncceleration 
Wave Wave ' 
Landing height, length, a, a, 
f t  f t  TI,, vs, VJ 77 ny, radians 7, VSJ v, 7, nv, radians deg fps fps aeg g sec2 deg fps fps deg @; sec2 
1 0.40 24.0 8.6 2.67 44.2 3.5 3.3 17 3 2.8 6.29 32.8 10.9 7.3 83 
2 23.8 8.4 2.40 44.0 3.1 2.6 12 1 8.4 2.40 44.0 3.1 2.6 12 
2 
'37 
23.8 
-37 8.4 2.40 44.0 3.1 2.6 12 a4 8.0 3.56 24.3 8.3 2.3 30 
3 .42 8.7 2.37 44.2 3.1 2.6 13 3 6.8 3.92 30.5 7.3 3.2 30 
4 -37 23.4 8.5 2.61 44.5 3.4 3.5 23 3 2.0 6.65 33iO U.4 7.5 98 
23'7 
5 .40 22.9 8.5 2.48 45.0 3.2 3.8 25 4 6.0 4.82 26.3 10.4 4.5 51 
6 .42 22.5 8.2 2.62 45.8 3.1 22 6 7.2 4.39 26.8 9.3 3.4 40 
78 .40 22.1 8.2 2.17 45.5 17 iii 1 23 3 7.8 3.58 37.8 5.4 3.9 33 .42 22.2 8.2 2.52 45.3 3 3.7 5.37 34.5 8.8 5.4 52 9 -37 22.6 8.3 2.50 45.2 14 3 2.7 5.68 9.0 9.5 6.5 72 
10 -37 20.8 12.0 2.28 45.2 2.9 2.8 27 2 10.2 4.78 37.0 7.4 3.8 17 
11 22.4 11.7 2.57 44.0 3.3 2.3 33 4 8.7 3.81 29.8 7.3 3.5 34 
12 .40 22.0 12.2 2.84 42.8 3.8 3.2 30 2 9.0 4.20 34.8 6.9 4.7 32 
.37 
l.3 21.3 12.1 2.62 42.7 3.5 3.0 17 4 12.5 4.63 26.2 10.0 3.8 '37 
22.6 
45 
14 37 12.0 2.90 42.3 3.9 3.7 33 2 5.6 ' 4.01 35.3 6.5 4.1 50 
15 22.3 12.0 3-15 42.5 4.2 1.9 11 4 10.0 6.10 30.0 3.0 20 2 . 5  15 
'37 
22.3 12.0 3.15 42.5 4.2 1.9 11 a3 6.7 2.31 34.0 ,.9 2.3 23 
16 
.37 
22.1 12.0 2.95 42.2 4.0 5.4 20 L 12.0 2.95 42.2 4.0' 3.4 20 
16 
.37 
22.1 
-37 12.0 2.95 42.2 4.0 3.4 20 e4 7.5 4.11 25.6 9.1 3.2 37 
17 -37 22.0 12.0 2.84 42.0 3.9 3.2 17 3 3.8 1.85 35.8 3.0 4.0 53 
18 .40 22.5 4.0 2-25 49.6 2.6 4.1 25 4 5.5 4.57 30.6 8.5 4.6 50 
18 .40 22.5 4.0 2.25 49.6 2.6 4.1 25 -3.2 6.29 34.5 10.3 4.0 
19 a37 23'7 4.0 2.42 50.0 2.8 3.6 2b 3 4.5 6.32 36.0 10.0 6.2 
4.0 2.42 50.0 2.8 3.6 24 a4 -4.3 7.24 42.3 9.7 4.8 
2 
19 83 
20 
.37 
22.2 
23'7 
4.0 2.36 49.4 2.7 3.0 13 3 0 6.26 35.2 10.1 5.0 50 
21 .40 23.3 3.9 2.13 50.2 2.4 5.8 20 3 4 3.94 37.0 6.1 3.8 40 
'37 
21 .40 23.3 3.9 2.13 50.2 2.4 5.8 20 a2 -.7 3.87 43.1 5.1 3.1 57 
*Impact for maximum angular acceleration. 
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TABLE 111.- DATA OBTAWH) DURING LAXDINGS IN WAVE OF 6 FEZZ NOMINAL B E I G ~  
FOR THE RWND-KEEL CONFIGUIWTION 
[a1 vsluea are model size7 
a ~ a c t  for maximum angular acceleration. 
CONFIDENTIAL 
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TABW N.- DATA OBTAINED DURING LANDINGS IN WAVES OF 8 FEFX NOMIBAL HEIGRP 
FOR THE ROUND-KEEL CONFIGURATION 
[fil values are model size) 
I I n i t i a l  impact Impact for muximum ve r t i ca l  acceleration 
Landing 
1 
2 
3 
4 
5 
6 
6 
7 
8 
9 
9 
10 
11 
12 
13 
14 
9 
16 
17 
18 
18 
19 
19 
20 
21 
22 
23 
24 
25 
26 
27 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
4 1  
42 
43 
4Jt 
45 
46 
47 
48 
49 
50 
5 1  
52 
53 
54 
Wave 
height, 
f t  
Wave 
Length, a, 
T ~ 9  Vs* VI 7, ~ V J  radians Impact T' Vs, v, f t  deg fps fps deg g deg fps fps sec2 
sZqact  for  maximum angular acceleration. 
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TABU v.- D ~ A  O B T A I ~  D ~ I N G  LANDINGS IN WAVES OF 6 ~m ~ o m a  B E I G ~  
FOR THE SffARP KEL CONFIGURATION 
values are model size] 
Ini t ia l  impact Impact for maximum vertical acceleration 
Wave Wave a, a, 
Landing height, lenglh, 
f t  TLI V S J  V) 7 ,  nv, matt 7 9  Vsr V, 7 2  ~1 pW= deg fps fps deg g de6 fps fps deg sec2 63 
1 0.98 16.1 11.8 ---- 41.1 --- 6.3 102 2 6.1 ---- 33.3 ---- 6.8 105 
2 .60 1 . 0  11.9 ---- 41.9 --- 6.4 43 3 6.3 ---- 2g.j ---- 8.8 116 
aImpact for maximum angular acceleration. 
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TABLE V1.- DATA OBTAINED DURING LANDWGS I N  WAVES OF 8 FECf NOMINAL IEIGET 
FOR TXE SHARP-KEFL CONFIGURATION 
@l values ore model s i z g  
a ~ a c t  for max- angular acceleration. 
L-83702 
Figure 1.- l/10-size model of Ma.rtin M-267 (sharp-keel configuration). 
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. .; n 
Figure 2.- General arrangement of sharp-keel configuration. ( A l l  dimen- 
sions are i n  feet ,  f u l l  size.) 
* 
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Figure 4. - Hull lines. (~ashed lines are changes in f orebody sections 
to form the round-keel configuration. Station numbers are distances 
from station 0.00 in inches.) 
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NACA RM' ~ ~ 5 4 ~ 2 6  
-4 0 4 8 12 16 
Trim,  7 ,  deg 
Figure 7.- Free-to-trim aerodynamic lift coefficient. Power off. 
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.4 Trim, T, deg 
(a) Center-of -gravity position, 0.12z. 
* \ 
Figure 8.- Variation of aerodynamic l i f t  and s tabi l izer  deflection with 
t r i m .  Parer on; Bf = 30'. 
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85,000 - -- - 
Speed, knots 
(a) Parer on. 
Speed, knots 
( b) Power off. 
Figure 9. - Trim l i m i t s  of s t a b i l i t y .  ~ound-keel  configuration; 6f = 30'. 
.( 
J 
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Speed, knots 
(a) Power on. 
Speed, knots 
(b) Power off.  
Figure 10.- Trim limits of s t ab i l i ty .  Sharp-keel configuration; 6f = 30'. 
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l2 c.g. pos i t ion ,  I 
3 percent  F d - I  4 -I' 
Speed, knots Speed, knots 
(a) Gross load, 70,000 pounds. (b) Gross load, 85,000 pounds. 
* Figure 11.- Representative trim tracks during take-offs. Round-keel 
configuration; tjf = 30'. 
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Gross load, 70,000 l b  
Center-of-gravity- 
posit ion,  percent c 
I 
2-4 
- 
S t a b i l i z e r  def lec t ion ,  6,, deg 
(a) Round-keel configuration. (b) Sharp-keel conf igurat,ion. 
Figure 13.- Variation of maximum amplitude of porpoising with s t ab i l i ze r  , 
deflection; 6f = 3 0 ~ .  
Gross load, 85,CK)O l b  
Center-of-gravity pos i t ion ,  percent 'F 
Figure 14.- Range of position of center of gravity f o r  s table  take-offs. 
Maximum amplitude of porpoising, 2'; Ef = 30'. 
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Center-cf-gravity- Gross load, Center-of-gravi ty- Gross load, 
posltlon, percent c lb position, percent c lb 
0 12 p,ooo x z$ 70,000 18 /o, @GO 85  
70, OOo 
'El 
w 
w 
a 
ul %wo %'* 
.r( 
t? 
5i 
Landing trim, TL, deg 
(a) Round-keel configuration. 
Figure 15. - Smooth-water landing characteristics. Ef = 30'; power off. 
C O N F I D W I A L  
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Center-of-gravity- Gross load, 
posltlon, percent c Ib 
0 24 70.000 
Landing trim, TL, deg 
(b) Sharp-keel configuration. 
Figure 15. - Concluded. 
C ONF IDENTI AT. 
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Speed, kno t s  
(a) Spray i n  propellers. . 
(b) Spray on f laps .  
Figure 16. - Range of speeds and gross loads over which spray s t r ikes  the 
propellers and f laps.  Round-keel configuration; = ooj 6f = 3ooj 
center-of-gravity position, 0.36E; take-off power. 
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(a) Spray i n  propellers. 
. . -  
Speed, knots 
(b) Spray on flaps. 
Figure 17.- Range of speeds and gross loads over which spray s t r ikes  the 
propellers and flaps. Sharp-keel configuration; Ss = 0'; Bf = 30'; 
center-of -gravity position, 0.3675; take-off power. 
NACA RM ~ ~ 3 4 . ~ 2 6  CONFDENTIPZ 
Speed, knots 
(a) Draft. 
Speed, knots 
(b) Trim. 
Figure 18.- Variation of d r a f t  and t r i m  i n  the speed range where spray 
s t r ikes  the propellers and f laps.  Round-keel configuration; 6, = 0'; 
tjf = 30'; center-of-gravity position, 0.36~; take-off power. 
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(a) Draft. 
(b) T r i m .  
Figure 19.- Variation of d r a f t  and t r i m  i n  the speed range where spray 
s t r ikes  the propellers and f laps.  Sharp-keel configuration; 6s = 0'; 
Gf = 30°; center-of -gravity position, 0 . 3 6 ~ ;  take-off power. 
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Speed, 22.5 knots; t r i m ,  4.8'. 
~ ~ v ~ ~ ~ - - * v ~ - = ~ p  -- -- *=ssSrzm 
, 
, - C  -- 
t 
I 
t 
i 
-w i la rnu&aa  &Ldu Z . . ' . ~ ~ W  -&AS&* % & - ~ i i . h t a &  a . . ~ ~ O ~ ~ r h W  
Speed, 26.2 knots j t r i m ,  5.0'. 
Speed, 29.9 knots; t r i m ,  5.8'. 
(a) Round-keel configuration; gross load, 70,000 pounds. L-85586 
Figure 20. - Spray photographs. 6, = oO; 6f = 30'; center-of-gravity 
position, 0 .36~.  
Speed, 22.5 knots; t r i m ,  4.8O. 
Speed, 26.2 knots; trim, 5 . 0 ~ .  
Speed, 29.9 knots; t r i m ,  6.1'. 
(b) Round-keel configuration; gross load, 85,000 pounds. L-85587 
Figure 20.- Continued. 
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Speed, 22.5 knotsj t r i m ,  4.5'. 
* I 
Speed, 26.2 knots j t r i m ,  5.  oO. 
a 
Speed, 29.9 knots; t r i m ,  5.k0. 
')X 
( c )  Sharp-keel configuration; gross load, 70,000 pounds. L-85588 
Figure 20. - Continued. 
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Speed, 22.5 knots; t r i m ,  5 . 0 ~ .  
Speed, 26.2 knots; t r i m ,  5.4'. 
Speed, 29.9 knots; t r i m ,  5.9'. 
(d) Sharp-keel configuration; gross load, 85,000 pounds. L-85589 
Figure 20.- Concluded. 
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Landing t r i m ,  TJ,, deg 
(a) I n i t i a l  impact. 
Figure 21.- Effect of landing t r i m  on rough-water behavior. Round-keel 
configuration; 4 = 70,000 pounds; Ef = 30'; center-of -gravity posi- 
U tion, 0.24~; wave height, 4 feet;  wave length, 230 feet.  
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o Maximum 
Minimum 
Landing trim, TL, deg Landing trim, TL, deg 
- 
2 LI. 6 8 10 12 
Landing trim, TL, deg 
(b) At impact for maximum vertical acceleration. 
Figure 21.- Concluded. 
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h'ominal wave 
height ,  f t  
6 
Wave length-height r a t i o  Wave length-height r a t i o  
Figure 22.- Effect of wave length-height r a t i o  on rough-water landings. 
Round-keel configuration; & = 70,000 pounds; center-of-gravity posi- 
t ion,  0.245; Ef = 30'; TL = llO; power off .  
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Nominal wave Maximum Mi nimun 
height. ft 
6 o 0 
Wave length-height ratio Wave length-height ratio 
Figure 23.-  Effect of wave length-height r a t i o  on rough-water landings. 
Sharp-keel configuration; 4 = 70,000 pounds; center-of-gravity posi- 
tion, 0.24E; 6f = 30'; TL = 11'; power off.  
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